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Description 

PHASE CONTROLLED SURFACE COIL 
MAGNETIC RESONANCE IMAGING 

Background of Invention 

[0001] The present invention relates generally to a magnetic res- 
onance imaging method and assembly, and, more partic- 
ularly to a magnetic resonance imaging assembly with a 
phase controlled surface coil for image correction. 

[0002] Magnetic Resonance Imaging (MRI) is a well-known medi- 
cal procedure for obtaining detailed, one, two and three- 
dimensional images of patients, using the methodology of 
nuclear magnetic resonance (NMR). MRI is well suited to 
the visualization of soft tissues and is primarily used for 
diagnosing disease pathologies and internal injuries. 

[0003] Typical MRI systems include a super conducting magnet 
capable of producing a strong, homogenous magnetic 
field around a patient or portion of the patient; a radio 
frequency (RF) transmitter and receiver system, including 
transmitter and receiver coils, also surrounding or im- 



pinging upon a portion of the patient; a gradient coil sys- 
tem also surrounding a portion of the patient; and a com- 
puter processing/imaging system, receiving the signals 
from the receiver coil and processing the signals into in- 
terpretable data, such as visual images. 

[0004] MRI systems additionally can utilize surface coils for 

imaging. Surface coil assemblies are utilized to produce 
localized magnetic fields to assist in imaging. Often, how- 
ever, the use of surface coil imaging can result in a left 
right shading artifact in axial images. This artifact is com- 
monly referred to as a local intensity shift artifact (LISA). 
At lower field intensities such as 1.5 T (Tesla) the artifacts 
produced by existing technologies may be barely notice- 
able. At higher field strengths (3T and above for example) 
the artifacts may impose significant image quality issues. 

[0005] The origin of these artifacts stems from an inaccurate as- 
sumption regarding the nature of the surface coils. It is 
often generally assumed that a surface coil produces a 
linearly polarized magnetic field. However, this may only 
be the case if the phase shift for the propagation of mag- 
netic energy is everywhere the same from all points on the 
surface coil to a given point in the region to be imaged. 
For low frequencies this may be a reasonable approxima- 



tion, but at higher frequencies this type of assumption 
begins to break down. Artifacts are further compounded 
when imaging large water filled objects (such as human 
subjects). This is a result of the relative dielectric constant 
than increases about 80 times over that of air. In addition, 
there are also RF eddy currents induced in the conducting 
object, which further influences the field. 
[0006] Surface coils are commonly formed as loops defining a 

central axis perpendicular to the surface subtended by the 
loop and traveling through the center of the loop. For MR 
imaging this axis is commonly orientated perpendicular to 
the z-axis. The z-axis is taken in the direction of the 
main magnet field. For MR imaging, it is only the x and y 
components of the RF coil's magnetic field that are in- 
volved in the imaging process. Any variations in design or 
phase of the various coil segments can result in the x and 
y components of the magnetization becoming out of 
phase with each other, depending on their particular loca- 
tion with respect to the coil. The resultant phase differ- 
ence is typically anti-symmetric with respect to the central 
axis of the surface coil and can cause the otherwise linear 
polarization to become elliptical ly polarized. The direction 
of the elliptical polarization is different on opposite sides 



of the central axis of the surface coil. 

[0007] An elliptical polarized field can be represented by two 

counter rotating circular polarized fields of differing am- 
plitudes. Because of the different rotation directions, on 
one side of the central axis the clockwise component is 
larger than the counter-clockwise component. On the 
flip-side the reverse is true. In MR imaging it is only one 
of the circular polarized components of the Bl field that 
contributes. Therefore, because of the different strengths 
of the rotating components, there arises asymmetry in the 
sensitivity of the coil to the MR signal. In practice, there- 
fore, imaging of subjects such as axial images of the 
spinal region can result in one side of the image becom- 
ing brighter than the other. 

[0008] it would, however, be highly desirable to have a magnetic 

resonance imaging method and assembly wherein local 

intensity shift artifact is reduced even under high field 

strengths. Similarly, it would be highly desirable to have a 

magnetic resonance imaging method and assembly with 

controlled reduction in surface coil phase shift to reduce 

elliptical polarization of the resultant image. 
Summary of Invention 

[0009] a magnetic resonance imaging assembly is provided. The 



assembly includes a magnet assembly defining a scanning 
bore along a z-direction. The assembly further includes a 
surface coil assembly positioned within the scanning bore. 
The surface coil assembly receives an imaging field. The 
surface coil assembly comprises a first surface coil posi- 
tioned along the z-direction. The first surface coil is in- 
duced with a first coil current comprised of a first coil am- 
plitude and a first coil phase. The surface coil assembly 
includes a second surface coil positioned along said z- 
direction. The second surface coil is induced with a sec- 
ond coil current comprised of a second coil amplitude and 
a second coil phase. The second coil phase is varied from 
the first coil phase to correct asymmetries within the 
imaging field. 

[0010] other features of the present invention will become ap- 
parent when viewed in light of the detailed description of 
the preferred embodiment when taken in conjunction with 

the attached drawings and appended claims. 
Brief Description of Drawings 

[0011] FIGURE 1 is OLE_LINKla magnetic resonance imaging as- 
sembly in accordance with the present inven- 
tionOLE_LINKl; 

[0012] FIGURE 2 is a representation of the origins of non- 



homogeneous magnetic fields within the magnetic reso- 
nance imaging assembly illustrated in Figure 1; 

[0013] FIGURE 3 is an illustration of a surface coil assembly for 
use in the magnetic resonance imaging assembly illus- 
trated in Figure 1; 

[0014] FIGURE 4 is an illustration of an alternate embodiment of a 
surface coil assembly for use in the magnetic resonance 
imaging assembly illustrated in Figure 3; 

[0015] FIGURE 5a is a detailed illustration of the imaging field 
generated by the surface coil assembly illustrated in Fig- 
ure 3, the imaging field shown without phase correction; 

[0016] FIGURE 5b is a detailed illustration of the imaging field 
generated by the surface coil assembly illustrated in Fig- 
ure 3, the imaging field shown with phase correction. 
Detailed Description 

[0017] Referring now to Figure 1, which is an illustration of a 

magnetic resonance assembly 10 in accordance with the 
present invention. Although a specific magnetic resonance 
assembly 10 is illustrated, it should be understood that 
the present invention is contemplated to be useful in a 
wide variety of magnetic resonance assemblies. The mag- 
netic resonance imaging assembly 10 includes a super- 
conducting magnet coil 12 positioned within a substan- 



tially cylindrical structure 14 defining a scanning bore 16 
along a z-direction 17. An imaging object 18, such as a 
patient, is placed within the scanning bore 16. A series of 
coil controllers 20 in communication with a sequence 
controller 22 provide the assembly 10 with flexible control 
of the resonance assembly 10 functions. These coil con- 
trollers 20, such as a gradient coil controller 24 and a RF 
controller 26, produce changes in the magnetic field gen- 
erated by the superconducting magnet coil 12. These 
changes are monitored by a receiver 28 which in turn is in 
communication with an image reconstructor 30. The im- 
age reconstructor 30 develops the data from the receiver 
28 into a digital image which can be stored in image 
memory 32 and displayed on a video device 34. This al- 
lows the magnetic resonance assembly 10 to be utilized 
as a functional diagnostic device. A control station 36 al- 
lows a user to monitor and control operation of the mag- 
netic resonance assembly 10. 
[0018] it is known that in surface coil assemblies 38 may be uti- 
lized to receive localized magnetic fields (see Figure 3). 
The surface coil assembly 38 is placed within the scanning 
bore 16 during operation and commonly is placed directly 
around a portion of the imaging object 18. The surface 



coil assembly 38 is utilized to receive an imaging field 39 
around the portion of the patient 18. The surface coil as- 
sembly 38 is comprised of a first surface coil 40 and a 
second surface coil 42, both orientated along the z-axis 
17. Although the term coil is utilized, it should be under- 
stood that the first and second surface coils 40,42 are in- 
tended to encompass a range of physical embodiments 
from rod-shaped elements 44 (see Figure 2) to rectangu- 
lar loop coils 46 (see Figure 3) with an extended length 
dimension 48 along the z-direction 17. 
[0019] Surface coil assemblies 38 run the operational risk of de- 
veloping imaging fields 39 that can become elliptically 
polarized such as the elliptically polarized Bl field illus- 
trated in Figure 2. This, in turn, can result in the develop- 
ment of undesirable localized intensity shift artifacts. The 
present invention addresses this prior concern by control- 
ling a first coil current 50, induced in the first surface coil 
40 by the imaging field 39, having a first coil amplitude 
and a first coil phase. A second coil current 52, induced in 
the second surface coil 42 by the imaging field 39, having 
a second coil amplitude and a second coil phase is con- 
trolled as well. The present invention varies the character- 
istics of the first coil current 50 from the characteristics of 



the second coil current 52 in order to correct the elliptical 
polarization of the imaging field 39. It is contemplated 
that this corrective variation may be accomplished byway 
of varying the first and second coil phases from one an- 
other, varying the amplitudes, or a combination of the 
above. Although the present invention primarily contem- 
plates the adjustment of current induced in the surface 
coils 40,42, it additionally contemplates supplying the 
surface coils 40,42 with transmitted currents. 
[0020] it j S contemplated that the characteristics of the first and 
second coil currents 50,52 may be controlled in a variety 
of fashions. Simple solutions such as varying the current 
path length such that the first coil current 50 has a longer 
(or shorter) first current path length 56 than the second 
current path length 58. The current path length may also 
be varied using adjustable components during operation. 
In advanced embodiments, a control system 60 may be 
placed in communication with the first and second surface 
coils 40 such that advanced control of the first and sec- 
ond coil current 50,52 characteristics may be achieved. 
Although a variety of control systems 60 may be utilized, 
one embodiment contemplates the use of a controller 62 
with internal logic in communication with a pre-amplifier 



64 to adjust current characteristics to the coils 40,42. A 
phase-shifting network 66 may be further utilized to sim- 
plify relative adjustment of current phase between the 
coils 40,42. In addition, a decoupling circuit 68 may be 
positioned between the two coils 40,42 to further improve 
independent phase and amplitude control. A ground plane 
element 70 (see Figure 4) may be placed in communica- 
tion with both coils 40,42 to allow a single grounding 
while the current and amplitudes may still be controlled 
independently using the control system 60. It is contem- 
plated that the controller 62 can include logic to allow 
manual correction and adjustment of the imaging field 39 
or may include logic to automatically monitor and adjust 
the imaging field 39 for best results. 
[0021] The present invention operates by varying the phase and/ 
or amplitude of the currents 50,52 to correct the imaging 
field 39. Figure 2 illustrates the imaging field 39 as el I i p— 
tically polarized prior to the corrective currents 50,52 
having been sent to the coils 40,42. A simplistic rendition 
of the effect of this elliptical polarization is illustrated in 
Figure 5a. By varying the current characteristics of the two 
coils 40,42 the imaging field 39 can be corrected or at a 
minimum the asymmetrical characteristics can be re- 



moved (see Figure 5b). It should understood that any 
number of additional coils 72 may be used in combination 
with the first and second coils 40,42 under the operation 
principles of the present invention. Furthermore, it is con- 
templated that the control system 60 may be programmed 
to provide a vast array of current adjustments to fine tune 
the imaging field 39. 
[0022] while particular embodiments of the invention have been 
shown and described, numerous variations and alternative 
embodiments will occur to those skilled in the art. Ac- 
cordingly, it is intended that the invention be limited only 
in terms of the appended claims. 



